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Abstract
Early surgical intervention for lymphedema can delay, prevent, and even reverse lymphatic degeneration. 
Vascularized lymph vessel transplant (VLVT) has emerged as an alternative to vascularized lymph node transplant 
(VLNT) for the treatment of advanced, fluid-predominant lymphedema, providing highly favorable outcomes with 
reduced donor-site complications. Lymphaticovenular anastomosis (LVA) has traditionally been reserved for early 
disease. However, technical refinements have improved its results and expanded its efficacy, creating an overlap 
between the indications for VLVT/VLNT and LVA. This article describes our technical approach to VLVT and LVA 
and explores the nuances of treatment selection in the light of their shifting indications.
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INTRODUCTION
Supermicrosurgical advancements over the past few decades have given rise to a myriad of efficacious 
options for surgical treatment of lymphedema. In contrast to traditional belief, recent evidence shows that 
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early surgical intervention for lymphedema can delay, prevent, and even reverse lymphatic degeneration[1,2]. 
Supermicrosurgical lymphaticovenular anastomosis (LVA) and vascularized lymph node transplant 
(VLNT) are established physiologic techniques for the treatment of fluid-predominant lymphedema[3,4]. 
While VLNT is efficacious in the treatment of advanced, fluid-predominant lymphedema, its risk of 
iatrogenic donor-site lymphedema makes the procedure undesirable to many. Vascularized lymph vessel 
transplant (VLVT) has recently been introduced as a less-invasive alternative to VLNT for these advanced 
cases[5-7]. LVA is traditionally reserved for early-stage, fluid-predominant lymphedema. However, recent 
technical refinements have shown that the efficacy of LVA in advanced disease has been underestimated. 
With this expanded potential, there is now an overlap between the indications for LVA and VLVT/VLNT. 
This paper aims to share the technical and decision-making pearls for improving outcomes of LVA and 
VLVT, both of which are safe and powerful procedures to treat fluid-predominant lymphedema.

History of LVA and VLNT
Supermicrosurgical lymphaticovenular anastomosis and its precursor, microsurgical lymphovenous bypass 
(LVB), re-route native lymphatic vessels into the venous circulation of the affected extremity[8]. LVB was 
first described by Jacobson and Suarez[9] in a canine model in 1962. Simultaneously, Chang et al.[10] adapted 
this canine model to study lymphovenous bypass, lymph node-to-vein anastomosis, lymphatic vessel 
interposition grafts, and vein interposition grafts to bridge lymphatic defects. Techniques were refined by 
various others using canine and rat models[11-14]. In 1977, O’Brien et al.[15] published their series of 
microsurgical LVB in human proximal upper limbs. Because microsurgical techniques were still in 
development, the anastomoses were created in the proximal limb, which contains larger veins but more 
functionally impaired lymphatics. The combination of these high-pressure veins with lower-quality 
lymphatics resulted in inconsistent surgical outcomes[16-18]. Subsequent advances in pre- and intra-operative 
imaging, operating microscopes, and surgical instruments facilitated the anastomosis of vessels smaller than 
0.8 mm in diameter, ushering in the era of supermicrosurgery[2]. First described by Koshima et al.[19] in 2000, 
supermicrosurgical LVA allowed for the anastomosis of smaller lymphatics with venules ranging from 0.1-
0.6 mm in diameter. The ability to use smaller vessels allowed surgeons to operate in the distal extremity, 
where lymph vessel function was more likely to be intact and to select small, low-pressure venules that 
offered more favorable pressure gradients[19,20].

In 1979, Shesol performed a pedicled flap transfer of groin lymphatic tissues for popliteal fossa defects in 
rats, showing lymph flow reestablishment at 7 days[21]. It set the groundwork for the development of 
VLNT[22,23]. The mechanism of action of VLNT is believed to be due to: (1) bridging lymphangiogenesis 
mediated by lymphatic growth factors, particularly vascular endothelial growth factor C[24] secretion from 
the transplanted lymphatic tissue; and (2) “pumping” action-driven by perfusion gradients between arterial 
inflow and venous outflow[22-29]. However, there is no clear evidence that these mechanisms rely on the 
lymph nodes contained in these flaps. It has not been consistently demonstrated that different VLNT flap 
donor sites - which often contain different numbers of nodes - produce different outcomes[30-32]. The sole 
study comparing different VLNT flaps within a single institution did not demonstrate a significant 
difference[33], and studies attempting to establish a correlation between the number of LNs and the 
effectiveness of the flap have yielded mixed results[34,35]. Moreover, while it is difficult to compare VLNT 
flaps with and without skin paddles in a controlled manner, increasing understanding of the dermal and 
subcutaneous lymphatic system strongly suggests that lymphadiposal tissue is essential for the efficacy of the 
flap[36,37]. Additionally, lymphatic vessels are likely the main drivers of lymph pumping, as evidenced by their 
smooth muscle lining and peristaltic action. Now that advancements in lymphography allow precise pre- 
and intra-operative visualization of superficial lymph vessels, their pumping action can be harnessed with 
intentional inclusion in flaps and proper orientation in recipient sites[38]. Combined with lymphatic 
channels’ abilities to absorb lymph and stimulate lymphangiogenesis, it supports the hypothesis that vessels 
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- not nodes - are the therapeutic components of these flaps[39,40].

Vascularized lymph vessel transplant - the third surgical alternative
Vascularized lymph vessel transplant was introduced by Koshima et al.[5] in 2016 when they used first dorsal 
metatarsal artery (FDMA)-based lymphadiposal flaps on treating advanced lymphedema in thirteen 
patients. It represented a conceptual departure from the accepted belief that nodal tissue transfer is required 
to restore of lymphatic drainage. Subsequently, the senior author implemented FDMA-based VLVT with 
favorable recipient-site outcomes. However, the location of the donor site precluded the flap’s use in 
bilateral lower extremity disease. Additionally, FDMA flap harvest frequently caused devascularization of 
the skin over the first metatarsal space, resulting in donor wound breakdown[7]. Nevertheless, the success of 
the procedure drove the senior author to establish alternative lymphatic-rich donor sites: the groin 
[superficial circumflex iliac artery perforator (SCIP) flap] and trunk [thoracodorsal artery perforator 
(TDAP) flap][6]. The SCIP flap’s familiar vascular anatomy and successful use as a thin flap make it an ideal 
candidate for VLVT. However, the SCIP flap is not a feasible option in patients with bilateral lower 
extremity lymphedema. The TDAP flap’s location makes it suitable for bilateral lower extremity disease and 
contralateral upper extremity disease. Our early outcomes show similar efficacy and safety profiles to that of 
the SCIP flap. As shown in Figure 1, satisfactory decompression of the lymphedematous limb with minimal 
complications is achievable. By selectively harvesting only lymph vessels and completely preserving lymph 
nodes, VLVT greatly reduces the risk of donor-site complications while still offering results comparable to 
VLNT. As of the writing of this article, the senior author (Chen WF) has completely replaced VLNT with 
VLVT in his practice for the treatment of advanced fluid-predominant lymphedema.

Revisiting the indications for LVA
As surgeons’ worldwide developed expertise in supermicrosurgery, the practice of LVA grew in 
sophistication. New technology and techniques further enhanced an already efficacious procedure. 
Indocyanine green (ICG)-lymphographic[41], infrared[42], and high-frequency duplex ultrasound[43,44] 
guidance facilitates the precise placement of small incisions with high success rates. Different anastomotic 
configurations were developed to increase the number of drainage pathways and to successfully complete 
LVA even under technically challenging conditions[45,46]. These technical innovations allowed 
supermicrosurgeons to successfully treat even advanced lymphedema cases with LVA when these cases were 
previously considered only treatable with VLNT. Because VLVT and VLNT have similar indications, with 
the expanding scope of LVA, indications for LVA and VLVT/VLVT have started to overlap.

Technical tips: LVA
Vessel mapping and dissection
Incisions for LVA are planned where ICG-mapped lymph vessels and infrared-mapped veins lie in close 
proximity, as shown in Figure 2, maximizing the possible number of LVAs created per incision[47-51]. The 
anatomy of the superficial lymphatic system closely follows that of the superficial venous system; thus, in 
advanced cases with difficult-to-identify lymphatics, careful dissection along main superficial veins can still 
reveal suitable lymph vessels[52], as shown in Figure 3. In these advanced cases, any dermal backflow pattern 
on delayed images of diagnostic ICG lymphography suggests the presence of lymphostatic choke points. 
LVAs incisions should ideally be placed anatomically in or just proximal to these dermal backflow patterns. 
Injection of isosulfan blue 2 cm distal to skin markings just before each incision enhances identification of 
lymphatic vessels during dissection[52]. We use 20-25x magnification and proceed in a caudo-cephalad 
direction[48]. All dissected lymphatics are inspected and graded as healthy, ectatic (mild injury), contracted 
(moderate injury), or sclerotic (severe injury)[16,53]. Although healthy vessels are preferred, ectatic and 
contracted vessels can also be used when necessary to achieve a sufficient number of LVAs per case[47,54].
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Figure 1. A representative case of TDAP-based VLVT for unilateral upper extremity lymphedema. (A) TDAP flap was harvested 
superficially to the superficial fascia for inset into the distal volar forearm. (B) Preoperative image showing significant swelling of the 
right upper extremity. (C) Measurements 3 months postoperatively show a significant reduction in the girth of the right upper 
extremity. The thin profile of VLVT flaps minimizes flap bulk; thus, contour deformity of the recipient site is avoided. TDAP: 
Thoracodorsal artery perforator; VLVT: vascularized lymph vessel transplant.

Anastomosis
The overall goal of LVA is to create lymphatic-to-venous anterograde flow in as many drainage pathways as 
possible[48,55-57]. Scenarios of vessel number mismatch, unfavorable pressure gradients, vessel size mismatch, 
and awkward vessel positioning can be encountered in different combinations. A variety of anastomotic 
configurations have been developed to overcome such obstacles, named in a lymph-to-vein convention[57-60], 
as shown in Figure 4.

When lymphatic pressure exceeds venous pressure, all configurations should work; end-to-end will often be 
chosen as it is the most technically straightforward. However, when the pressure gradient is unfavorable, 
side-to-side or end-to-side is chosen to take advantage of Bernoulli’s principle[54]. Side-to-side is the more 
technically challenging and should be performed only if the involved vessels are 0.4 mm or more in 
diameter. If end-to-end configuration is the only option available due to size limitations, immediate 
postoperative compression can alter the pressure gradient to facilitate anterograde flow[61].

12-0 nylon on a 50-um needle is generally preferred for anastomosis, but 11-0 nylon can be used for vessels 
0.5 mm or larger in diameter. As the vessels are too small for supermicrosurgical forceps tips to insert into 
the lumen, the needle tip can be used to evert the vessel edge against the side of the forceps[48] with or 
without the use of a 7-0 monofilament nylon suture acting as an intravascular stent[60,62,63].
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Figure 2. Incision planning for LVA. (A) Lymphatic channels (solid green lines) are mapped with ICG lymphography, and veins are 
mapped (dotted blue lines) with an infrared vein finder. 2-3 cm incisions are marked in sites where veins and lymphatics lie in proximity 
(red lines). Green circles mark the sites used for ICG injection in a distal-to-proximal sequence. (B) Immediate postoperative picture 
depicting the location of selected venules and lymphatics at each incision, with diagrams of the anastomotic configurations chosen. 
Blue staining of skin seen at sites of isosulphan blue injection is used for enhanced visualization of lymphatic channels during dissection. 
LVA: Lymphaticovenular anastomosis; ICG: indocyanine green.

Figure 3. In this representative case of upper extremity lymphedema, ICG lymphography was contraindicated due to iodine allergy, 
necessitating intraoperative exploration to locate suitable lymphatics for LVA. (A) Because the anatomy of the superficial lymphatic 
system closely follows that of the superficial venous system, incisions (red lines) were planned near infrared-mapped veins (dotted 
blue lines). (B) All incisions used were positive for suitable lymphatic vessels; diagrams depict the anastomotic configurations chosen 
at each incision site. ICG: Indocyanine green; LVA: lymphaticovenular anastomosis.

After anastomosis, patency is confirmed by washout of the venous lumen by lymphatic fluid[48]. It may not 
occur immediately after LVA completion due to the slow peristaltic action of lymphatic vessels. Diseased 
lymphatic vessels may display a particularly delayed washout phenomenon owing to their compromised 
smooth muscle function. Therefore, anastomoses should be re-assessed several minutes after completion 
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Figure 4. A variety of anastomotic configurations (named in a lymphatic-to-vein convention) are available to maximize anterograde 
drainage. (A) Single end-to-end anastomosis, (B) end-to-end anastomosis of two lymphatics to two venous branches, (C) end-to-side 
anastomosis, (D) depicts multiple small-caliber, fibrotic (non-translucent) lymphatic vessels and a single, large-caliber vein, for which 
(E) an invaginating “octopus” technique is most appropriate. L: Lymphatic; V: venule.

before declaring failure[64]. It can be promoted by massaging distal to incision. Leakproof anastomosis is 
essential to allow lymphatic pressure to build up and overcome the venous pressure[65]. If the microscope is 
equipped with an ICG module, patency can be confirmed by observing ICG flow into the veins[65]. If 
backflow of blood into the lymphatic vessel is observed, venous pressure has exceeded lymphatic pressure, 
and the anastomosis is at risk of thrombosis.

Controversy exists regarding the optimal number of LVAs[31]. Theoretically, a few high-quality anastomoses 
(antegrade flow anticipated) should suffice, but reality often necessitates a quantity-over-quality approach. 
In keeping with this, the senior author (Chen WF) has demonstrated considerable clinical success when 
using suboptimal vessels by creating 8 to 15 LVAs per case[48,54,64]. The following are used as the procedure 
endpoints: (1) six hours of operative time; for experienced microsurgeons, continuing beyond this duration 
typically yields diminishing returns; (2) three consecutive negative incisions (i.e., no suitable lymphatics 
found when proceeding in a distal-to-proximal fashion); or (3) substantial drainage through LVAs causing 
visible limb decompression on the table[54].

Frequently refreshing supermicrosurgical skills on practice models can shorten the learning curve for LVA 
in budding lymphedema surgeons[66].
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Technical tips: VLVT
Due to its comparable outcomes and lower invasiveness, SCIP-based VLVT has replaced VLNT as our 
procedure of choice for those with upper extremity lymphedema who are not LVA candidates. Vascular 
anatomy is imaged preoperatively with computed tomography angiography or high-resolution duplex 
ultrasound[67], allowing the more robust-appearing side to be chosen for harvest. Lymphatic vessels are then 
mapped using ICG imaging after four intradermal injections of 0.05 mL of 0.25% ICG, lateral to the anterior 
superior iliac spine. Most frequently, the superficial branch of the superficial circumflex iliac artery (SCIA) 
is selected as the pedicle due to its fast and easy dissection. One should be prepared for occasional anatomic 
variation necessitating the use of a deep branch. The dissection plane is kept immediately superficial to 
Scarpa’s fascia, ensuring the exclusion of lymph nodes from the flap and is advanced in a lateral-to-medial 
direction. It is important to adhere to Scarpa’s fascia during flap elevation and not dissect more superficially 
as more superficial dissection risks exclusion of the superficial circumflex iliac vein.

The vascular anatomy and perforator location of the TDAP flap is more variable than that of the SCIP flap. 
Thus, preoperative vascular imaging becomes even more important. Adequate perforators are commonly 
identifiable with Doppler ultrasound, 8-10 cm inferior to the axillary apex and 1-2 cm inside the lateral 
border of the latissimus dorsi. Perforators identified in this region may originate from intercostal and lateral 
thoracic vessels rather than from the thoracodorsal vessel, as shown in Figure 5. However, if adequate 
pedicle length can be achieved, harvesting the flap on these alternative vessels is acceptable[68,69]. Lymphatics 
are mapped with intradermal ICG injection of the fifth intercostal space in the midaxillary line to ensure 
their inclusion in the flap. By dissecting superficial to the superficial fascia, lateral thoracic lymph nodes are 
excluded from the flap.

For VLVT to be effective, the flap is placed closer to lymphatic edema, and in the proximity of relatively less 
degenerated lymphatics, both criteria are met in the distal part of the extremity (ankle/wrist). the flap is 
oriented to match its lymphatics vessels axiality to that of the recipient site lymphatics axiality to allow 
spontaneous lympholymphatic linkages, as shown by Yamamoto et al.[38]. Just as the minimum number of 
lymph nodes required for optimum performance of VLNT is not known, the minimum number of 
lymphatic channels needed for optimum efficacy VLVT is unknown. The density of lymphatic channels in 
the different flap donor sites has not been experimentally compared, and the minimum size (volume) of the 
flap required for desirable lymphatic decompression is unclear.

Decision-making: choosing between LVA and VLVT
Both LVA and VLVT are indicated for fluid-predominant lymphedema. Solid predominance, a state of 
bulky lipodystrophy and fibrosis, should be ruled out clinically (non-pitting edema, no significant volume 
reduction even after aggressive complex decongestive therapy)[4,70] as well as radiologically with MRI before 
proceeding.

Misconceptions surrounding LVA have hindered its acceptance amongst surgeons. It is assumed that LVA 
can only treat early lymphedema and that absence of “linear” patterns on ICG lymphography and/or the 
presence of venous insufficiency contraindicate its use. Additionally, a few studies have demonstrated 
inferior outcomes of LVA in lower extremity vs. upper extremity edema, thought to be due to the 
dependent position and higher venous pressure of the legs[71-75]. Finally, it is also believed that results of LVA 
take long to become noticeable and are short-lived. In the senior author’s experience, none of the above 
holds true. The absence of “linear” ICG patterns simply indicates additional effort is needed to locate the 
lymph vessels, which, once located, are still of sufficient quality to perform LVA. The reduced 
lymphovenous pressure gradient in the lower extremity can be circumvented with postoperative bandage 
compression, which creates anterograde flow across the LVAs[53,69,73]. Finally, the senior author has witnessed 
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Figure 5. Anatomical dissection of the thin TDAP (thoracodorsal artery perforator) flap. The cadaver was pre-injected with red latex to 
highlight arterial anatomy. (A) Possible sources of skin perforators in the thoracodorsal region. Posterior intercostal vessels, which are 
another possible source of skin perforators in this region, are not shown here. (B) The perforator was located anterior to the lateral 
border of the latissimus dorsi muscle. A thin flap was elevated on this perforator, superficial to the superficial fascia. While the 
descending branch of the TDA is most commonly the source of the TDAP, proximal tracing of this perforator led to the serratus branch 
of the TDA. However, adequate pedicle length was still achieved. TDA: Thoracodorsal artery; TB: transverse branch of TDA; DBTD: 
descending branch of TDA; SAB: serratus anterior branch of TDA; LTA: lateral thoracic artery.

progressive improvement in patients for as long as 3 years post-surgery, which cannot be explained solely by 
the mechanical bypass provided by the LVAs. Following the initial lymphatic shunting, possible lymphatic 
regeneration is hypothesized to play an additional role in ultimately weaning patients off from compression 
garments.

Recent reports by Yang et al.[76], and growing experience in other high-volume centers has demonstrated 
that in the hands of experienced supermicrosurgeons, LVA can be successful in moderate-to-severe disease. 
With the limits of LVA getting pushed further along the spectrum of advanced lymphedema, deciding when 
to use VLVT instead of LVA becomes less straightforward. VLVT has less associated technical nuances and 
more predictable outcomes in the hands of less experienced surgeons but requires an additional surgical 
site. LVA, in contrast, has many technical variables. Even when optimized, its outcomes may not always be 
predictable. Yet, the minimally invasive nature of LVA outweighs its drawbacks. The success of VLVT 
depends on the patency of the pedicle anastomosis only, while the success of LVA depends on the quality 
(patency as well as pressure gradient across the anastomoses) as well as the quantity of the multiple 
anastomoses (number sufficient to decompress the distended lymphatic system). Discussing this dilemma at 
length with the patient can help them judiciously weigh the risks and benefits of both procedures and make 
an informed choice.

Controversy also surrounds the management of primary lymphedema. Many surgeons recommend VLNT 
over LVA due to theoretical concerns that the abnormal structure and function of lymphatics in these 
patients may decrease the efficacy of LVA[2,77,78]. However, in our experience, it is not uncommon for 
patients with primary lymphedema to exhibit global lymphatic dysfunction, as evidenced on ICG 
lymphography. It precludes any flap transfer procedure in such patients due to an elevated risk of iatrogenic 
donor-site lymphedema, leaving LVA as a safer alternative[64,79,80].
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CONCLUSION
With recent technical refinements in LVA and the evolution of VLVT as a safer alternative to VLNT, 
outcomes of lymphedema surgery have dramatically improved. The encouraging results of LVA in 
advanced lymphedema have unveiled its unrealized potential while creating an overlap with the indications 
of VLVT/VLNT. Though more invasive than LVA, VLVT remains a valuable modality and should be 
investigated further.

DECLARATIONS
Authors’ contributions
Conception and design of the paper: Chen WF
Manuscript writing: Pandey SK, Fahradyan VF, Orfahli LM, Chen WF
Final approval of manuscript: Pandey SK, Fahradyan VF, Orfahli LM, Chen WF

Availability of data and materials
Not applicable.

Financial support and sponsorship
None.

Conflicts of interest
All authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Written informed consent for publication of de-identified images was obtained.

Copyright
© The Author(s) 2021.

REFERENCES
Torrisi JS, Joseph WJ, Ghanta S, et al. Lymphaticovenous bypass decreases pathologic skin changes in upper extremity breast cancer-
related lymphedema. Lymphat Res Biol 2015;13:46-53.  DOI  PubMed  PMC

1.     

Garza RM, Chang DW. Lymphovenous bypass for the treatment of lymphedema. J Surg Oncol 2018;118:743-9.  DOI  PubMed2.     
Basta MN, Gao LL, Wu LC. Operative treatment of peripheral lymphedema: a systematic meta-analysis of the efficacy and safety of 
lymphovenous microsurgery and tissue transplantation. Plast Reconstr Surg 2014;133:905-13.  DOI  PubMed

3.     

Brorson H. Liposuction in lymphedema treatment. J Reconstr Microsurg 2016;32:56-65.  DOI  PubMed4.     
Koshima I, Narushima M, Mihara M, et al. Lymphadiposal flaps and lymphaticovenular anastomoses for severe leg edema: functional 
reconstruction for lymph drainage system. J Reconstr Microsurg 2016;32:50-5.  DOI  PubMed

5.     

Orfahli LM, Fahradyan V, Chen WF. Vascularized lymph vessel transplant (VLVT): our experience and lymphedema treatment 
algorithm. Ann Breast Surg 2021.  DOI

6.     

Chen WF, Mcnurlen M, Ding J, Bowen M. Vascularized lymph vessel transfer for extremity lymphedema - is transfer of lymph node 
still necessary? IMJ 2019;3:1.  DOI

7.     

Allen RJ Jr, Cheng MH. Lymphedema surgery: patient selection and an overview of surgical techniques. J Surg Oncol 2016;113:923-
31.  DOI  PubMed

8.     

Jacobson JH, Suarez EL. Microvascular surgery. Dis Chest 1962;41:220-4.  DOI  PubMed9.     
Chang TS, Yu HL, Wei W, Huang WY. Microsurgery for lymphedema and lymphatics. Principles, Techniques and Applications in 
Microsurgery. WORLD SCIENTIFIC; 1986. p. 331-62.  DOI

10.     

Gilbert A, O'brien B, Vorrath J, Sykes P. Lymphaticovenous anastomosis by microvascular technique. Br J Plast Surg 1976;29:355-
60.  DOI  PubMed

11.     

Yamada Y. The studies on lymphatic venous anastomosis in lvmphedema. Nagoya J Med Sci 1969;32:1-21.  PubMed12.     
Nielubowicz J, Olszewski W. Surgical lymphaticovenous shunts in patients with secondary lymphoedema. Br J Surg 1968;55:440-2.  13.     

https://dx.doi.org/10.1089/lrb.2014.0022
http://www.ncbi.nlm.nih.gov/pubmed/25521197
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4365441
https://dx.doi.org/10.1002/jso.25166
http://www.ncbi.nlm.nih.gov/pubmed/30098298
https://dx.doi.org/10.1097/PRS.0000000000000010
http://www.ncbi.nlm.nih.gov/pubmed/24352208
https://dx.doi.org/10.1055/s-0035-1549158
http://www.ncbi.nlm.nih.gov/pubmed/25893630
https://dx.doi.org/10.1055/s-0035-1554935
http://www.ncbi.nlm.nih.gov/pubmed/26258914
https://dx.doi.org/10.21037/abs-20-139
https://dx.doi.org/10.24983/scitemed.imj.2019.00119
https://dx.doi.org/10.1002/jso.24170
http://www.ncbi.nlm.nih.gov/pubmed/26846615
https://dx.doi.org/10.1378/chest.41.2.220
http://www.ncbi.nlm.nih.gov/pubmed/14450733
https://dx.doi.org/10.1142/9789814415194_0020
https://dx.doi.org/10.1016/0007-1226(76)90022-9
http://www.ncbi.nlm.nih.gov/pubmed/1000123
http://www.ncbi.nlm.nih.gov/pubmed/6063777


Page 10 of Pandey et al. Plast Aesthet Res 2021;8:47 https://dx.doi.org/10.20517/2347-9264.2021.6112

DOI  PubMed
Laine J, Howard J. Experimental lymphatico-venous anastomosis. Surg Forum 1963;14:111-2.  PubMed14.     
O'Brien BM, Sykes P, Threlfall GN, Browning FS. Microlymphaticovenous anastomoses for obstructive lymphedema. Plast Reconstr 
Surg 1977;60:197-211.  DOI  PubMed

15.     

Mihara M, Hara H, Hayashi Y, et al. Pathological steps of cancer-related lymphedema: histological changes in the collecting lymphatic 
vessels after lymphadenectomy. PLoS One 2012;7:e41126.  DOI  PubMed  PMC

16.     

Mihara M, Hara H, Kawakami Y, et al. Site specific evaluation of lymphatic vessel sclerosis in lower limb lymphedema patients. 
Lymphat Res Biol 2018;16:360-7.  DOI  PubMed

17.     

Koshima I, Kawada S, Moriguchi T, Kajiwara Y. Ultrastructural observations of lymphatic vessels in lymphedema in human 
extremities. Plast Reconstr Surg 1996;97:397-405; discussion 406-7.  DOI  PubMed

18.     

Koshima I, Inagawa K, Urushibara K, Moriguchi T. Supermicrosurgical lymphaticovenular anastomosis for the treatment of 
lymphedema in the upper extremities. J Reconstr Microsurg 2000;16:437-42.  DOI  PubMed

19.     

Nagase T, Gonda K, Inoue K, et al. Treatment of lymphedema with lymphaticovenular anastomoses. Int J Clin Oncol 2005;10:304-10.  
DOI  PubMed

20.     

Shesol BF, Nakashima R, Alavi A, Hamilton RW. Successful lymph node transplantation in rats, with restoration of lymphatic 
function. Plast Reconstr Surg 1979;63:817-23.  PubMed

21.     

Chen H, O'brien B, Rogers I, Pribaz J, Eaton C. Lymph node transfer for the treatment of obstructive lymphoedema in the canine 
model. Br J Plast Surg 1990;43:578-86.  DOI  PubMed

22.     

Cheng MH, Huang JJ, Wu CW, et al. The mechanism of vascularized lymph node transfer for lymphedema: natural lymphaticovenous 
drainage. Plast Reconstr Surg 2014;133:192e-8e.  DOI  PubMed

23.     

Honkonen KM, Visuri MT, Tervala TV, et al. Lymph node transfer and perinodal lymphatic growth factor treatment for lymphedema. 
Ann Surg 2013;257:961-7.  DOI  PubMed

24.     

Schaverien MV, Badash I, Patel KM, Selber JC, Cheng MH. Vascularized lymph node transfer for lymphedema. Semin Plast Surg 
2018;32:28-35.  DOI  PubMed  PMC

25.     

Saaristo AM, Niemi TS, Viitanen TP, Tervala TV, Hartiala P, Suominen EA. Microvascular breast reconstruction and lymph node 
transfer for postmastectomy lymphedema patients. Ann Surg 2012;255:468-73.  DOI  PubMed

26.     

Ito R, Zelken J, Yang CY, Lin CY, Cheng MH. Proposed pathway and mechanism of vascularized lymph node flaps. Gynecol Oncol 
2016;141:182-8.  DOI  PubMed

27.     

Suami H, Scaglioni MF, Dixon KA, Tailor RC. Interaction between vascularized lymph node transfer and recipient lymphatics after 
lymph node dissection-a pilot study in a canine model. J Surg Res 2016;204:418-27.  DOI  PubMed  PMC

28.     

Patel KM, Lin CY, Cheng MH. From theory to evidence: long-term evaluation of the mechanism of action and flap integration of 
distal vascularized lymph node transfers. J Reconstr Microsurg 2015;31:26-30.  DOI  PubMed

29.     

Pappalardo M, Patel K, Cheng MH. Vascularized lymph node transfer for treatment of extremity lymphedema: An overview of current 
controversies regarding donor sites, recipient sites and outcomes. J Surg Oncol 2018;117:1420-31.  DOI  PubMed

30.     

Hanson SE, Chang EI, Schaverien MV, Chu C, Selber JC, Hanasono MM. Controversies in surgical management of lymphedema. 
Plast Reconstr Surg Glob Open 2020;8:e2671.  DOI  PubMed  PMC

31.     

Chang EI, Chu CK, Hanson SE, Selber JC, Hanasono MM, Schaverien MV. Comprehensive overview of available donor sites for 
vascularized lymph node transfer. Plast Reconstr Surg Glob Open 2020;8:e2675.  DOI  PubMed  PMC

32.     

Ciudad P, Agko M, Perez Coca JJ, et al. Comparison of long-term clinical outcomes among different vascularized lymph node 
transfers: 6-year experience of a single center's approach to the treatment of lymphedema. J Surg Oncol 2017;116:671-82.  DOI  
PubMed

33.     

Coriddi M, Wee C, Meyerson J, Eiferman D, Skoracki R. Vascularized jejunal mesenteric lymph node transfer: a novel surgical 
treatment for extremity lymphedema. J Am Coll Surg 2017;225:650-7.  DOI  PubMed

34.     

Gustafsson J, Chu SY, Chan WH, Cheng MH. Correlation between quantity of transferred lymph nodes and outcome in vascularized 
submental lymph node flap transfer for lower limb lymphedema. Plast Reconstr Surg 2018;142:1056-63.  DOI  PubMed

35.     

Garcés M, Pons G, Mirapeix R, Masià J. Intratissue lymphovenous communications in the mechanism of action of vascularized lymph 
node transfer. J Surg Oncol 2017;115:27-31.  DOI  PubMed

36.     

Ito R, Suami H. Overview of lymph node transfer for lymphedema treatment. Plast Reconstr Surg 2014;134:548-56.  DOI  PubMed37.     
Yamamoto T, Iida T, Yoshimatsu H, Fuse Y, Hayashi A, Yamamoto N. Lymph flow restoration after tissue replantation and transfer: 
importance of lymph axiality and possibility of lymph flow reconstruction without lymph node transfer or lymphatic anastomosis. 
Plast Reconstr Surg 2018;142:796-804.  DOI  PubMed

38.     

Slavin SA, Upton J, Kaplan WD, Van den Abbeele AD. An investigation of lymphatic function following free-tissue transfer. Plast 
Reconstr Surg 1997;99:730-41; discussion 742-3.  DOI  PubMed

39.     

Scallan JP, Zawieja SD, Castorena-Gonzalez JA, Davis MJ. Lymphatic pumping: mechanics, mechanisms and malfunction. J Physiol 
2016;594:5749-68.  DOI  PubMed  PMC

40.     

Chen WF, Zhao H, Yamamoto T, Hara H, Ding J. Indocyanine green lymphographic evidence of surgical efficacy following 
microsurgical and supermicrosurgical lymphedema reconstructions. J Reconstr Microsurg 2016;32:688-98.  DOI  PubMed

41.     

Hawkes PJ, Mcnurlen M, Bowen M, Chen WF. Strategic incision placement to facilitate successful supermicrosurgical 
lymphaticovenular anastomoses. IMJ 2018;1:5.  DOI

42.     

Cha HG, Oh TM, Cho MJ, et al. Changing the paradigm: lymphovenous anastomosis in advanced stage lower extremity lymphedema. 
Plast Reconstr Surg 2021;147:199-207.  DOI  PubMed

43.     

https://dx.doi.org/10.1002/bjs.1800550609
http://www.ncbi.nlm.nih.gov/pubmed/5651543
http://www.ncbi.nlm.nih.gov/pubmed/14064471
https://dx.doi.org/10.1097/00006534-197708000-00006
http://www.ncbi.nlm.nih.gov/pubmed/887661
https://dx.doi.org/10.1371/journal.pone.0041126
http://www.ncbi.nlm.nih.gov/pubmed/22911751
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404077
https://dx.doi.org/10.1089/lrb.2017.0055
http://www.ncbi.nlm.nih.gov/pubmed/29338554
https://dx.doi.org/10.1097/00006534-199602000-00018
http://www.ncbi.nlm.nih.gov/pubmed/8559823
https://dx.doi.org/10.1055/s-2006-947150
http://www.ncbi.nlm.nih.gov/pubmed/10993089
https://dx.doi.org/10.1007/s10147-005-0518-5
http://www.ncbi.nlm.nih.gov/pubmed/16247656
http://www.ncbi.nlm.nih.gov/pubmed/441196
https://dx.doi.org/10.1016/0007-1226(90)90123-h
http://www.ncbi.nlm.nih.gov/pubmed/2224354
https://dx.doi.org/10.1097/01.prs.0000437257.78327.5b
http://www.ncbi.nlm.nih.gov/pubmed/24469190
https://dx.doi.org/10.1097/SLA.0b013e31826ed043
http://www.ncbi.nlm.nih.gov/pubmed/23013803
https://dx.doi.org/10.1055/s-0038-1632401
http://www.ncbi.nlm.nih.gov/pubmed/29636651
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5891655
https://dx.doi.org/10.1097/SLA.0b013e3182426757
http://www.ncbi.nlm.nih.gov/pubmed/22233832
https://dx.doi.org/10.1016/j.ygyno.2016.01.007
http://www.ncbi.nlm.nih.gov/pubmed/26773469
https://dx.doi.org/10.1016/j.jss.2016.05.029
http://www.ncbi.nlm.nih.gov/pubmed/27565078
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5002893
https://dx.doi.org/10.1055/s-0034-1381957
http://www.ncbi.nlm.nih.gov/pubmed/25137504
https://dx.doi.org/10.1002/jso.25034
http://www.ncbi.nlm.nih.gov/pubmed/29572824
https://dx.doi.org/10.1097/GOX.0000000000002671
http://www.ncbi.nlm.nih.gov/pubmed/32537335
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7253258
https://dx.doi.org/10.1097/GOX.0000000000002675
http://www.ncbi.nlm.nih.gov/pubmed/32537339
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7253262
https://dx.doi.org/10.1002/jso.24730
http://www.ncbi.nlm.nih.gov/pubmed/28695707
https://dx.doi.org/10.1016/j.jamcollsurg.2017.08.001
http://www.ncbi.nlm.nih.gov/pubmed/28818700
https://dx.doi.org/10.1097/PRS.0000000000004793
http://www.ncbi.nlm.nih.gov/pubmed/30020232
https://dx.doi.org/10.1002/jso.24413
http://www.ncbi.nlm.nih.gov/pubmed/27885675
https://dx.doi.org/10.1097/PRS.0000000000000383
http://www.ncbi.nlm.nih.gov/pubmed/25158711
https://dx.doi.org/10.1097/PRS.0000000000004694
http://www.ncbi.nlm.nih.gov/pubmed/29965920
https://dx.doi.org/10.1097/00006534-199703000-00020
http://www.ncbi.nlm.nih.gov/pubmed/9047193
https://dx.doi.org/10.1113/JP272088
http://www.ncbi.nlm.nih.gov/pubmed/27219461
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5063934
https://dx.doi.org/10.1055/s-0036-1586254
http://www.ncbi.nlm.nih.gov/pubmed/27487485
https://dx.doi.org/10.24983/scitemed.imj.2018.00049
https://dx.doi.org/10.1097/PRS.0000000000007507
http://www.ncbi.nlm.nih.gov/pubmed/33009330


Page 11 of Pandey et al. Plast Aesthet Res 2021;8:47 https://dx.doi.org/10.20517/2347-9264.2021.61 12

Hayashi A, Giacalone G, Yamamoto T, et al. Ultra high-frequency ultrasonographic imaging with 70 MHz scanner for visualization of 
the lymphatic vessels. Plast Reconstr Surg Glob Open 2019;7:e2086.  DOI  PubMed  PMC

44.     

Cheng MH, Al-Jindan FK, Lin CY. Abstract: comparison of outcomes between side-to-end and end-to-end lymphovenous 
anastomoses for early-grade extremity lymphedema. Plast Reconstr Surg Glob Open 2018;6:56.  DOI

45.     

AlJindan FK, Lin CY, Cheng MH. Comparison of outcomes between side-to-end and end-to-end lymphovenous anastomoses for 
early-grade extremity lymphedema. Plast Reconstr Surg 2019;144:486-96.  DOI  PubMed

46.     

Mihara M, Hara H, Tange S, et al. Multisite Lymphaticovenular bypass using supermicrosurgery technique for lymphedema 
management in lower lymphedema cases. Plast Reconstr Surg 2016;138:262-72.  DOI  PubMed

47.     

Chen WF. How to get started performing supermicrosurgical lymphaticovenular anastomosis to treat lymphedema. Ann Plast Surg 
2018;81:S15-20.  DOI  PubMed

48.     

Mihara M, Hara H, Kikuchi K, et al. Scarless lymphatic venous anastomosis for latent and early-stage lymphoedema using 
indocyanine green lymphography and non-invasive instruments for visualising subcutaneous vein. J Plast Reconstr Aesthet Surg 
2012;65:1551-8.  DOI  PubMed

49.     

Mihara M, Hara H, Hayashi Y, et al. Upper-limb lymphedema treated aesthetically with lymphaticovenous anastomosis using 
indocyanine green lymphography and noncontact vein visualization. J Reconstr Microsurg 2012;28:327-32.  DOI  PubMed

50.     

Belgrado JP, Vandermeeren L, Vankerckhove S, et al. Near-infrared fluorescence lymphatic imaging to reconsider occlusion pressure 
of superficial lymphatic collectors in upper extremities of healthy volunteers. Lymphat Res Biol 2016;14:70-7.  DOI  PubMed  PMC

51.     

Pan WR, Wang DG, Levy SM, Chen Y. Superficial lymphatic drainage of the lower extremity: anatomical study and clinical 
implications. Plast Reconstr Surg 2013;132:696-707.  DOI  PubMed

52.     

Hara H, Mihara M, Seki Y, Todokoro T, Iida T, Koshima I. Comparison of indocyanine green lymphographic findings with the 
conditions of collecting lymphatic vessels of limbs in patients with lymphedema. Plast Reconstr Surg 2013;132:1612-8.  DOI  PubMed

53.     

Chen WF, Tuncer FB, Zeng W. Advanced technical pearls for successful supermicrosurgical lymphaticovenular anastomosis. Ann 
Plast Surg 2021;86:S165-72.  DOI  PubMed

54.     

Matsutani H, Hayashi A, Yamamoto T. All-star lymphatic supermicrosurgery: Multiple lymph flow diversion using end-to-end, end-
to-side, side-to-end, and side-to-side lymphaticovenular anastomoses in a surgical field. J Plast Reconstr Aesthet Surg 2015;68:e107-8.  
DOI  PubMed

55.     

Yamamoto T, Furuya M, Harima M, Hayashi A, Koshima I. Triple supermicrosurgical side-to-side lymphaticolymphatic anastomoses 
on a lymphatic vessel end-to-end anastomosed to a vein. Microsurgery 2015;35:249-50.  DOI  PubMed

56.     

Yamamoto T, Kikuchi K, Yoshimatsu H, Koshima I. Ladder-shaped lymphaticovenular anastomosis using multiple side-to-side 
lymphatic anastomoses for a leg lymphedema patient. Microsurgery 2014;34:404-8.  DOI  PubMed

57.     

Chen WF, Yamamoto T, Fisher M, Liao J, Carr J. The "Octopus" lymphaticovenular anastomosis: evolving beyond the standard 
supermicrosurgical technique. J Reconstr Microsurg 2015;31:450-7.  DOI  PubMed

58.     

Yamamoto T, Chen WF, Yamamoto N, Yoshimatsu H, Tashiro K, Koshima I. Technical simplification of the supermicrosurgical side-
to-end lymphaticovenular anastomosis using the parachute technique. Microsurgery 2015;35:129-34.  DOI  PubMed

59.     

Yamamoto T, Narushima M, Kikuchi K, et al. Lambda-shaped anastomosis with intravascular stenting method for safe and effective 
lymphaticovenular anastomosis. Plast Reconstr Surg 2011;127:1987-92.  DOI  PubMed

60.     

Chen WF, Bowen M, Ding J. Immediate limb compression following supermicrosurgical lymphaticovenular anastomosis - is it helpful 
or harmful? IMJ 2018;2:1.  PubMed

61.     

Yamamoto T, Yoshimatsu H, Narushima M, Yamamoto N, Koshima I. Split intravascular stents for side-to-end lymphaticovenular 
anastomosis. Ann Plast Surg 2013;71:538-40.  DOI  PubMed

62.     

Nuri T, Ueda K, Yamada A, Hara M. Preparatory intravascular stenting technique: an easier method of supermicrosurgical 
lymphaticovenular anastomosis. Ann Plast Surg 2013;71:541-3.  DOI  PubMed

63.     

Chen WF, McNurlen M, Bowen M. Surgical treatments of lymphedema. In: Jones GE, editor. Bostwick’s plastic and reconstructive 
breast surgery. Thieme Medical Publishers; 2020. p. 1478-99.

64.     

Hayashi A, Yoshimatsu H, Visconti G, et al. Intraoperative real-time visualization of the lymphatic vessels using microscope-
integrated laser tomography. J Reconstr Microsurg 2021;37:427-35.  DOI  PubMed

65.     

Chen WF, Eid A, Yamamoto T, Keith J, Nimmons GL, Lawrence WT. A novel supermicrosurgery training model: the chicken thigh. J 
Plast Reconstr Aesthet Surg 2014;67:973-8.  DOI  PubMed

66.     

Visconti G, Bianchi A, Hayashi A, et al. Thin and superthin perforator flap elevation based on preoperative planning with ultrahigh-
frequency ultrasound. Arch Plast Surg 2020;47:365-70.  DOI  PubMed  PMC

67.     

Jain L, Kumta SM, Purohit SK, Raut R. Thoracodorsal artery perforator flap: indeed a versatile flap. Indian J Plast Surg 2015;48:153-
8.  DOI  PubMed  PMC

68.     

Kim KN, Hong JP, Park CR, Yoon CS. Modification of the elevation plane and defatting technique to create a thin thoracodorsal artery 
perforator flap. J Reconstr Microsurg 2016;32:142-6.  DOI  PubMed

69.     

Brorson H, Svensson H. Liposuction combined with controlled compression therapy reduces arm lymphedema more effectively than 
controlled compression therapy alone. Plast Reconstr Surg 1998;102:1058-67.  PubMed

70.     

Forte AJ, Khan N, Huayllani MT, et al. Lymphaticovenous anastomosis for lower extremity lymphedema: a systematic review. Indian 
J Plast Surg 2020;53:17-24.  DOI  PubMed  PMC

71.     

Qiu SS, Pruimboom T, Cornelissen AJM, Schols RM, van Kuijk SMJ, van der Hulst RRWJ. Outcomes following lymphaticovenous 
anastomosis (LVA) for 100 cases of lymphedema: results over 24-months follow-up. Breast Cancer Res Treat 2020;184:173-83.  DOI  
PubMed  PMC

72.     

https://dx.doi.org/10.1097/GOX.0000000000002086
http://www.ncbi.nlm.nih.gov/pubmed/30859043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6382250
https://dx.doi.org/10.1097/01.gox.0000546790.20770.ba
https://dx.doi.org/10.1097/PRS.0000000000005870
http://www.ncbi.nlm.nih.gov/pubmed/31348365
https://dx.doi.org/10.1097/PRS.0000000000002254
http://www.ncbi.nlm.nih.gov/pubmed/27348659
https://dx.doi.org/10.1097/SAP.0000000000001610
http://www.ncbi.nlm.nih.gov/pubmed/30161049
https://dx.doi.org/10.1016/j.bjps.2012.05.026
http://www.ncbi.nlm.nih.gov/pubmed/22817883
https://dx.doi.org/10.1055/s-0032-1311691
http://www.ncbi.nlm.nih.gov/pubmed/22517571
https://dx.doi.org/10.1089/lrb.2015.0040
http://www.ncbi.nlm.nih.gov/pubmed/27167187
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4926199
https://dx.doi.org/10.1097/PRS.0b013e31829ad12e
http://www.ncbi.nlm.nih.gov/pubmed/23985641
https://dx.doi.org/10.1097/PRS.0b013e3182a97edc
http://www.ncbi.nlm.nih.gov/pubmed/24005372
https://dx.doi.org/10.1097/SAP.0000000000002689
http://www.ncbi.nlm.nih.gov/pubmed/33443891
https://dx.doi.org/10.1016/j.bjps.2015.02.022
http://www.ncbi.nlm.nih.gov/pubmed/25709005
https://dx.doi.org/10.1002/micr.22296
http://www.ncbi.nlm.nih.gov/pubmed/25043983
https://dx.doi.org/10.1002/micr.22215
http://www.ncbi.nlm.nih.gov/pubmed/24375825
https://dx.doi.org/10.1055/s-0035-1548746
http://www.ncbi.nlm.nih.gov/pubmed/26086669
https://dx.doi.org/10.1002/micr.22272
http://www.ncbi.nlm.nih.gov/pubmed/24798082
https://dx.doi.org/10.1097/PRS.0b013e31820cf5c6
http://www.ncbi.nlm.nih.gov/pubmed/21532425
http://www.ncbi.nlm.nih.gov/pubmed/30376227
https://dx.doi.org/10.1097/SAP.0b013e318250f0a0
http://www.ncbi.nlm.nih.gov/pubmed/24126341
https://dx.doi.org/10.1097/SAP.0b013e3182551670
http://www.ncbi.nlm.nih.gov/pubmed/24051451
https://dx.doi.org/10.1055/s-0040-1718549
http://www.ncbi.nlm.nih.gov/pubmed/33058095
https://dx.doi.org/10.1016/j.bjps.2014.03.024
http://www.ncbi.nlm.nih.gov/pubmed/24742690
https://dx.doi.org/10.5999/aps.2019.01179
http://www.ncbi.nlm.nih.gov/pubmed/32718115
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7398805
https://dx.doi.org/10.4103/0970-0358.163051
http://www.ncbi.nlm.nih.gov/pubmed/26424978
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4564498
https://dx.doi.org/10.1055/s-0035-1563398
http://www.ncbi.nlm.nih.gov/pubmed/26322492
http://www.ncbi.nlm.nih.gov/pubmed/9734424
https://dx.doi.org/10.1055/s-0040-1709372
http://www.ncbi.nlm.nih.gov/pubmed/32367914
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192660
https://dx.doi.org/10.1007/s10549-020-05839-4
http://www.ncbi.nlm.nih.gov/pubmed/32767202
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7568701


Page 12 of Pandey et al. Plast Aesthet Res 2021;8:47 https://dx.doi.org/10.20517/2347-9264.2021.6112

Chang DW, Suami H, Skoracki R. A prospective analysis of 100 consecutive lymphovenous bypass cases for treatment of extremity 
lymphedema. Plast Reconstr Surg 2013;132:1305-14.  DOI  PubMed

73.     

Chung JH, Baek SO, Park HJ, Lee BI, Park SH, Yoon ES. Efficacy and patient satisfaction regarding lymphovenous bypass with 
sleeve-in anastomosis for extremity lymphedema. Arch Plast Surg 2019;46:46-56.  DOI  PubMed  PMC

74.     

Hara H, Mihara M. Lymphaticovenous anastomosis for advanced-stage lower limb lymphedema. Microsurgery 2021;41:140-5.  DOI  
PubMed

75.     

Yang JC, Wu SC, Lin WC, Chiang MH, Chiang PL, Hsieh CH. Supermicrosurgical lymphaticovenous anastomosis as alternative 
treatment option for moderate-to-severe lower limb lymphedema. J Am Coll Surg 2020;230:216-27.  DOI  PubMed

76.     

Mihara M, Hara H, Furniss D, et al. Lymphaticovenular anastomosis to prevent cellulitis associated with lymphoedema. Br J Surg 
2014;101:1391-6.  DOI  PubMed

77.     

Drobot A, Bez M, Abu Shakra I, et al. Microsurgery for management of primary and secondary lymphedema. J Vasc Surg Venous 
Lymphat Disord 2021;9:226-33.e1.  DOI  PubMed

78.     

Giacalone G, Yamamoto T, Belva F, et al. The application of virtual reality for preoperative planning of lymphovenous anastomosis in 
a patient with a complex lymphatic malformation. J Clin Med 2019;8:371.  DOI  PubMed  PMC

79.     

Yamamoto T, Yoshimatsu H, Narushima M, Yamamoto N, Hayashi A, Koshima I. Indocyanine green lymphography findings in 
primary leg lymphedema. Eur J Vasc Endovasc Surg 2015;49:95-102.  DOI  PubMed

80.     

https://dx.doi.org/10.1097/PRS.0b013e3182a4d626
http://www.ncbi.nlm.nih.gov/pubmed/24165613
https://dx.doi.org/10.5999/aps.2018.00773
http://www.ncbi.nlm.nih.gov/pubmed/30685941
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6369058
https://dx.doi.org/10.1002/micr.30689
http://www.ncbi.nlm.nih.gov/pubmed/33421191
https://dx.doi.org/10.1016/j.jamcollsurg.2019.10.007
http://www.ncbi.nlm.nih.gov/pubmed/31655173
https://dx.doi.org/10.1002/bjs.9588
http://www.ncbi.nlm.nih.gov/pubmed/25116167
https://dx.doi.org/10.1016/j.jvsv.2020.04.025
http://www.ncbi.nlm.nih.gov/pubmed/32446874
https://dx.doi.org/10.3390/jcm8030371
http://www.ncbi.nlm.nih.gov/pubmed/30884770
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6463145
https://dx.doi.org/10.1016/j.ejvs.2014.10.023
http://www.ncbi.nlm.nih.gov/pubmed/25488514

